The effect of the polyamine spermine on thrombin-induced human platelet activation Stimulation of platelets by thrombin has been shown to result in early and rapid changes in membrane inositol lipids, particularly phosphatidylinositol 4,5-bisphosphate, via a phospholipase C activity (Agranoff et al., 1983; Berridge, 1984) . The products of phospholipase C action, 1,2-diacylglycerol and inositol 1,4,5-trisphosphate, may function, along with intracellular calcium ([Ca"] i), as second messengers in the platelet response to thrombin. 1,2-Diacylglycerol stimulates the enzyme protein kinase C which phosphorylates a 40-47 kDa protein, a reaction closely associated with platelet degranulation (Nishizuka, 1984) , while inositol 1,4,5-trisphosphate has been implicated in the release of Ca2+ from intracellular stores (Joseph, 1984; O'Rourke et al., 1985; Williamson et al., 1985) with increases in [Ca"] potentiating the secretory process (Rink et al., 1982; Knight & Scrutton, 1984) .
In the present communication we have investigated the effect of the polyamine spermine, an inhibitor of several Ca2+-and phospholipid-dependent enzymes in vitro including phospholipase C (Nahas & Graff, 1982) and protein kinase C (Qi et al., 1983) , on human platelet activation induced by thrombin, the Ca2+ ionophore, A23187, and the phorbol ester, 124-tetradecanoyl phorbol-13-acetate (TPA), to determine if the drug can exert inhibitory effects, on these enzymes in an intact platelet system. Platelet dense-granule release was determined by using 5-hydroxy- (Mills et al., 1968) . lCa2'li levels were determined by using the fluorescent Ca2 -indicating dye, Quin-2 (Rink et al., 1982) , and thromboxane generation was determined by a radioimmunoassay for thromboxane Bz (TxB2) (Levy et Table l ), indicate that under these conditions the 1,2-diacylglycerol formed may be an important mediator, sensitizing the platelets even at very low levels of [Ca2+Ii to undergo the release reaction (Knight & Scrutton, 1984) . The possibility of spermine affecting the actions of 1,2-diacylglycerol in thrombinstimulated platelets was explored by examining the effect of spermine on TPA-induced Lf4C]-5HT release, as TPA and 1,2-diacylglycerol have been shown to act at the same enzyme site (Nishizuka, 1984) . As spermine (10 mM) failed to significantly inhibit TPA-induced ["C] -5HT release it is unlikely that it works at the site of 1,2-diacylglycerol action. Similarly, submaximal Ca2+ ionophore A23 187-induced ["C] -5HT release was not significantly inhibited by spermine, suggesting that the compound does not affect Ca2+ mobilization per se nor the effects caused by raised [Ca"] levels. It remains to be determined if the inhibitory effects of spermine on 1,2-diacylglycerol formation and release of [Ca"] are specific for thrombin or if the effects are mediated via a direct inhibition of phospholipase C activation in human platelets. Experiments on the effect of spermine on other platelet agonists that can induce 1,2-diacylglycerol formation via phospholipase C activation may provide some of the answers required before spermine may be used as a phospholipase C inhibitor in intact cell systems.
which was reduced by 75% in [' l Clarachidonic acid- Human neutrophils were isolated from peripheral blood using conventional techniques of dextran sedimentation, Ficoll-Hypaque centrifugation, and ammonium chloride lysis to remove residual erythrocytes. The cells were washed with PBS and finally resuspended a t 3.5 x 107/ml in PBS. They were greater than 90% neutrophils and the main contaminants were eosinophils. Viability was reater than 95%. Cells were incubated at 37°C at 2.5 x 10 /ml in PBS plus 1 mM-Ca2+, 2 p g of A23187/ml with or without the addition of 50pM-arachidonic acid. To compare the activity of unactivated cells, controls were included of cells with 5OpM -arachidonic acid but no ionophore. Incubations were for 2min and the reactions were stopped by the addition of 3 ml of methanol. The samples were left on ice for 30min to allow the denatured protein to precipitate and this was removed by centrifugation. The pellet was washed with 1 ml of methanol and the pooled methanol fractions diluted to 14 ml with water. After acidification to pH 2-3 with 3M-HC1 the HETEs were extracted on C18 SepPaks (Waters-Millipore) using diethyl ether to elute the products (Powell, 1982) . The products were analysed by reverse-phase h.p.1.c. on a C18 Resolve column (Waters-Millipore) using a Perkin Elmer series 4 pump and LC75 U.V. detector. Methanol and water containing 0.5% ammonium acetate were used to elute the products of interest, with a 60-75% methanol gradient over 12 min at 2ml/min followed by a wash step and reequilibration. LTB4 and the 5,12-DHETEs were detected at 270nm and monoHETEs were detected at 236 nm with a wavelength change at 8 min. Retention times were: 5,12-DHETEs, 3.4min; LTB4, 4.0 min; 5-HETE, 10.3 min.
The results are shown in Table 1 . They demonstrate that: (a) in the absence of cell activation exogenous arachidonic acid is poorly metabolized; (b) ionophore A23187 stimulates the metabolism of endogenous arachidonic acid; (c) the addition of arachidonic acid to A23187-stimulated cells increases the amount of 5-HETE produced but does not increase the amount of LTB4 produced to the same extent.
The requirement for cell activation for 5-lipoxygenase activity may be a result of a requirement for a raised level of Ca2+ inside the cell. It has been shown that the 5-lipoxygenase from the cytosol fraction of RBL-1 cells requires Ca2+ for the formation of active dimers from inactive monomers (Parker & Aykent, 1982) . When activated with
.
A231 87, neutrophils produce approximately similar acid with ionophore there is a proportionately much bigger i~~r e a s e in the amount of 5-HETE produced (see Table 1 ). One explanation for this is that either the dehydrase or the epoxide hydrolase is rate limiting. Alternatively, if LTB4 exerts feedback inhibition on either of these enzymes the 
